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1- Sparger 
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6 - Online 
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��(N��3�� "�3�� ����  . 
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�� 6
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                 �7�� �0��N V0�< *+� ;�
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 3��
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    I+0� 	
 �++:# �� ��.         ��/�7 �� 	!� U i�%a
 �9�$ � ��c 
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       ��S� 1���� U��� 	
 �+9�# 	%�+9�#�< ����
     �� �"�# �� �< 

 ��C%��  �%,�< ����
 �� ����� ���� �� 8��
 ;�+,��%�+7

       ��+� 	
 ���/ 6�%�+� 8�" .        e'��  �
� 3�� 3+�RS0

              k� �� lW Kg" �+$�� �� ����
 ;P+�<� ;�*+
 V0�<

           �Y�X�
 �+9�# G��
 ��N �< ��� 	
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            V0�< ���C
 3�� U;P+�<� M�X
 �� �"�# �� ��%<�� ��>

 ���� 	
.             ��> �� 	��N ��� U30� �L�� Z��7�W �:� ��

    ���� 	S� 1�0��
 ��%<�� .       ��Y�� 6�4%�� �# �5�� ����' ��

              �� G��
 ����� �� 	9 ��+� 	
 ���/ K�N �+$� ZS'

             ��+� 	S� ���/ 	��N �� ZS' 3�� 	����� �� ��Y��.�� 3
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 �� Q�@�
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 �&� �9 	�+
 ;�� �# ��m
 �� �
� 3��  ��� 	
 �%4�
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 3+�RS0
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 ����� 

����. Z!� 	���
 �� ?�L
 3��-�,� 1�
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         ;�*+
 G��
 VN�f �'�, V��*7� KLa  N V��*7�  �0��
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 1�0��
 U ��+, Q�� �, �0 �� ?9�L
 3�� .

   Z!� 	���
n         �� 30� �=+< ����
 �� Q�@�
 3�� �5��+� 
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 ��� 	
 1�0��
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    I�$ �$� �� 8�"(NA)�L��� B�> ��  )- ( ���� �� 	:��#

              8�" ��C%�� ��� ;�*+
 � 3�� ��   U���� 	
 I%�+, 	9��:#

 ���� 	
 V0�< I�$ �$� �� . 

NA=KLa(C*-C)                                      ) -(  

    �0 �� ��$UG   ;�*+
 k�KLa      6��*5��" �� �< ���� ��" 

  �9��:
��)- (            ��,��
 �� 	
�" ��C%�� ��� ;�*+
 ;��# 	


             �'�, ?�$ �� 8�" ��C%����� 	���
 ���4� �� �< ��S�

            k� �� ;T�%+� K�+� ��  ;T�%+� ��]$ �� ��� 6�0�b
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 ����C
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 1�0��
 Z!� 3�� �� �"�# ��
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 �� �
��
� ���� �!�"# 

 

Ad 

 : ��� �������� �	
�� ���cm2 

Ar :  ��� ��� �	
�� ��� �� cm2 

a :  ����� ��cm 3/cm2, or cm-1 

C :   ����
� ��	��� ����mg/lit 

C* :   �!�"#� �$�% &� ���
� ��	��� ����mg/lit 

c : ���' �(� 

CL0 

 :  ��	$�� )���# &� ���
� ��	��� ����mg/lit 

D  : ��*� �+)&�*��&(  �cm 

DL :   ����� .��/0 1�2� 3��4cm 2.s –1 

E : �$��56 ���' 

 

 

 

 

KLa :  �7�8 ���*�� �9;% 3��4s-1 

NA :   �7�8 ���*�� <(#mol.m-3.s-1 

ppm : ���= (%��)��	�	� �� >?� @�( 

T : ���A �*��� �%&�  ���� 

 t : �	��'  ����B 

TDS :   ����
� .�C @9� ���=gr/lit 

UG 

 :� B�A .�C�D ����  ������ & cm.s-1  

X :   �&�*��& E� B� �(FF� ��B�6 ��G�H cm  

 

$	�% &��' : 

ρ :   ����� �*	����gr.cm –3 

 

 ()��* � +��,*: 

 

j(         	
=,� �2�
 UK��" 	�+�$ t+�
"             Mg$ 6��� 30� 1���< l!�pS< 	7�:
 6��, �����WH2S    u�# 6�0��� ��  "

�W ��, U�2� �:�/ 1�5�0PW �
���X7 UB+C�# 1��S� UI�j-*+E�W UjD�_ 

J(              6��+%a� �@� �+S$ U	S��< 	�' U	�,�# �S$� U�X� 6�2:" �@� �S�
 "         6� ��$�
 k# Mg$ ��%<�� 6��, ��


30� �=+< ����
 H,�# 3+��W 6�
� �� 6�+,� 6�0��� ;���" �� ;T��+0 �+29�, " �:�/ 1�5�0PW �
���X7 UB+C�#

 1��S� UI��W ��, U�2�_��4� UjD-h 

D( �S�
6��+%a� �@� �+S$  U	�,�# �S$� U	S��< 	�' U�X� 6�2:" �@�  " k# Mg$ �����7 k+%+�+,  6��, ��


�2+9 ��� ��%<�� �� 30� �=+< H,�# ;T��+0 �+29�, 6� ��$�
" U�4�
 	,��7 1�5��
� U	,��4
 1�!���� �����

 ��,j_1��S� UJ UjD-j  

4) M. Y. Chisti,“ Air – Lift Bioreactors.“ Elsevier Science Publishing Co., lst Edition, New 

Yourk, 1980.  

5) J. C. Merchuk, G. Osenberg, M. siegel and M. Shacham, “ A method for Evaluation of Mass 

Transfer Coefficient in the Different Reactor.” Chemical Engineering Science, Vol. 47,  No. 

9-11,  pp. 2221 – 2226, 1992. 

6) M. Nakanoh, F. Yoshida, “ Gas Absorption by Newtonian and Non Newtonian Liquids in a 

Bubble column.”  Ind. Eng. Chem. Process Des. DeV., Vol. 19, pp. 190-195, 1980. 

7) A. B. Russell, ” Hydrodynamics and oxygen Transfer in a Pilot Scale Air Lift Fermenter.”  

Ph. D.  Thesis,  London  University,  1989. 

8) H. J. Wabs and Antonie A. C. M. Beenackers, ”Kinetics of H2S Absorption in to Aqueous 

Perric Solution of EDTA and HEDTA.” AIChE Journal, Vol. 40, No. 3, PP.  433-443, 1994. 
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9) M. Nakanoh,  M.Eng. Thesis,  Kyoto University, 1976. 

 
10) R. A.. Bello, C. W. Robinson, and Moo-young., ” Prediction of the Volumetric Mass Transfer  
       Coefficient in Pneumatic Contactors.”  Chem. Eng. Sci., Vol. 40, PP. 53-58, 1985. 

 

-��)/ : (-�	! ��12	# 3��) 

 
 

Liquid Phase 
 

DL* 10 5 

(cm 2/s) 
ρ 

(gr/cm3) 
TDS 

(gr/lit) 

Conductivity 

(ms/cm) 
Salinity 

Water 2.6 0.925 0.07 0.13 0.1 
EDTASolition 500 ppm 0.16 1.03 4.58 9.17 6 
EDTA Solution Slurry 

0.08(wt%) Sulfur/100 ml 
solution 

0.17 1.11 4.46 8.94 6 

-��)4 : ($	55�* 6!�� 7�8 ����� ����� 6����]/9;[ 

Reactor Type  

Reference 

Correlation Parameter Range 

External Loops 

Draught - tube  

Internal loops 

(annulus sparged) 

Bubble column 

Bello et al.1985 

 

 

 

 

KLa=0.79[1+Ad/Ar]
-2 UG(air) 

0.8+0.1                                

Air- water or aqueous salt solution 

0.15( kmol.m-3) Nacl, Hd=1.8 m, Dr=0.152m 

UG =(0.0137,0.086), m.s–1    (Bubble flow) 

Ad/Ar=0.11 to 0.069             (External Loops) 

Ad/Ar= 0.13, 0.35 and 0.56   (Internal loops) 

Bubble Column, Ad/Ar=0 

External Loops 

Chisti et al 1986 

KLa=[1+Ad/Ar]
-1(0.349-0.102 Cs) UG(air)

0.837+0.062 Air- Slurry Solution at above conditions 

 

-��)< : (�����	
 =�	> �� ?��1�*@A @� 7�*A �!�� ����� 6���� 
 

Reactor 

Type   

Equation Parameter – Range 

 

Internal 

Loops   

 

KLa=0.05856 UG(air)
0.8979 

Air- water,   Dc or Dr = 0.145 m, Hd=2m 

UG= 0.04 to 0.25, cm.s –1 ( Bubble flow) 

Ad/Ar= 0.37455               (Internal Loop) 

Internal 

Loops 

KLa=0.02985 UG(air)
0.6239 

Air-EDTA Solution(500 ppm) at above                

                         condition  

Internal 

Loops 

KLa=0.026787 UG(air)
0.5514 

Air- Slurry Solution 0.08(wt%) 

Sulfur/100 solution  at above condition 
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-��)B : (�����	
 ��C' �� ?��1�*@D @� 7�*D �!�� ����� 6����  

 
 
 
 
 
 
 

          

R
1=248 cm

R
2=207 cm

R
4 =134 cm

R
5=95 cm

R
6

=75 cm

R
7 =38 cm

R
8 =4cm

S
1
=262 cm

             D
1
=153 cm

                D2=70 cm

sampel
vessl

Sparger  (N2)

            X= 5 cm

         X=80 cm

AIR  N2

               X=180 cm

                   Sparger  (Air)

      To Filter

                   Inlet sampel

Location probe

 

 
 
 
 

Reactor  

Type 

                        Equation Parmeter Range 

 

Intenal  

Loops 

 

 

KLa=0.3238 UG(N2)
0.8819. UG(air)

0.6767 

 

 Air, N2 - Water, Dc or Dr=0.145 m,  Hd=2 ,2.9 m  

 UG (air) = 0.04 to 0.25, cm.s -1  

 UG (N2) = 0.04 to 0.25, cm.s 
– 1 (Bubble flow)  

Ad/Ar=0.37455                                                               

(Internal Loop) 

 

Internal 

 Loops 

KLa=0.09768 UG(N2)
0.506. UG(air)

0.49267  Air, N2 – EDTA Solution ( 500 ppm) at above  

                             condition  

Internal 

Loops 

KLa=0.109 UG(N2)
0.4252. UG(air)

0.5873 
Air , N2 – EDTA Slurry Solution 0.08(wt%) 

            Sulfur/ 100 ml solution 

[���]����� 	
 �
	��  	�� 	
 ���	��  (E)   �����)� : (�������           ��	���	���Set up  ���� �!")�: (    
HL=1.5 m , UG=0.062 m.s

-1, Water����� #�� �	$%��  
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�����)& : ( � ���� �� �	�
 ��� �
 ��� �� �����	 �	�����

����� 

 

[��!]  �
 "
�#� $%	��  ��� �
 Ln(1/1-E) �	����� : &'�'�)!(  

HL=1.5 m , UG=0.03 m.s
-1

,T= 20.5 
0C $%	�� *+	 ��,-#� 

0.15 M NaCl 
 
 

 
                                                                                 

 
 

         

 
 
 

 &'�'�).: (/�0 �
 1�% ���23	 4+�5 &62+7�89 �	����� ��;�< =

�>)	�; (������ *;� �?�� ���������� �� �	�
  

 � $%	�� *+	 ��,-#�[��@]$%	�� �
 "
�#� &
�/�A 

&'�'�)@ : (�B��2�37�C�7A ��� �
 ��� �� �����	 �	�����  

 ������ *;� �?�� ���������� �� �	�
 �B��2�3 ���
�

&
�D�A 
0.15 M Nacl , 1% SF(Solka-Floc Cellulose fibre)  
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 &'�'�)E: ( ��;�< =/�0 �
 1�% ���23	 &6F� 7�� �	�����

�>)	�; (�2�3 ���D� �B��2�3 7�C� 7A ����� �	�
 �B�  

*;� �?�� 

&'�'�)G : (7�2�	7 ��H 7A ����� � ����	 � =9� &��� �	�����  

X=  �!I cm=9��7A  

 

  
 
 
 
 
 

                     

&'�'�)J : (7�2�	7 ��H 7A ����� � ����	 � =9� &��� �	�����  

X=  . cm=9��7A  

 

 &'�'�)K: (�> ��;�< =/�0 �
 �% ���23	 4+�5 �	�����)	�; ( 7A

�B��2�3 ���D� �B��2�37�C� 

 

 



 12

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 13

 

 

 
 
        
     
 
                             
     

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      
 
 
 
                           

 
 
 
                        
 
 
 



 14

 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 15

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 16

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 17

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 18

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 19

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 


